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ABSTRACT

Marges, Bernardo Espiritu, University of the Fhilippines,

November, 1972, Reproduction and Seasonal Abundance of the Ricefield
Ret (Ratbtus retbus mindanensis Mearns) at Siniloan, Isguna.

Major Professor: Reblo J. Alfonso

The reproductive patterns and seasonal abundance of the common:
ricefield rat were studied in an irrigatéd ricefield in Siniloan,
Iagwa from August, 1971 through July, 1972. The study ares was
planted to two crops of rice every year. Of the two rat species
fomd, the ricefield rat dominated the entire riceland community
comprising more than 99 percent of the total collection.

Iwo age classes were recognized: Juveniles and adults. Adults
were further subdivided .inté-',breeding and non-breeding. The vaginal
orifice became perforete at 54.45 grams among females, while the
testes descended to the scrotum at 134,93 grams among meles. For
both sexes the skull ossified at 90.79 grams. The length of the testes
was significantly correlated with the body weight. Active sperms
were present in the cauda epididymis when the testes reached a length
of 22,29 nm, Once sexwal meturity was attained males remained fertile
throughout the year,

Reproductive pettern was sharply bimodal, corresponding very
closely with the crop cycle. Most litters were produced during the
reproductive and ripening stages of rice plants, with little or no
breeding activity when the fields lie fallow. There was no direct
relationship between breeding and seasomal or climetic changes. Mean

vii



Ltter size vas 9.67 but decreased significantly during the beginning
and terminetion of the breeding period. There was no tendency for the
number of embryoe to :I.ncrease with body weight. The distribution of

Jps -

11,4

embryos between the right end 1ef‘b horns of the uterus wa.s ent:lrely

independe_fxt., w:l.th no .nerkfed te?d‘ency for all embryos to develop on one
eide 'c;r‘;he obher. ;ﬁe ;nnua.l 1ncidence of pregnancy wa.e 5. 67 J.ittere,
the nmnber of littere produced durmg the dry season breeding was more
than 'bwice tha.t of the wetp season breeding. With few exceptione ), the .
sex r;tio e.pproucimted equa.li+y. of the except:.ons most could be shown.
due to differentia.l tra.ppebility of bo'bh sexes a.t cerbain e'bagep of the
breeding period. Productivity was high, about Ul voung haine rmadnnea
Der femple per year,
Seasonal reproduction resulted in high vropulation deneity by

Avgust, September a.nd October. Sharp decline in density was _observed

in January, February and Merch.



INTRODUCEION.

Rats have alwa.ys been & problem in Philippme ayxcu.lwre. fhere

. sdu wine R it

were ea-rly reporbs of serious rat depreda.t:.ons :l.n the :Bicol region a.nd
‘\ oot Mivd »L‘»J i . .

in the Mountain Province (Crucillo, Obe.nes and Morales, 195#) but these_

.'!acked the deta-ils tha.t would provide better meaning a.nd importance to

[358 PN

such apparently loca.].'lzed a.nci short-term i.rrupbions. Similar severe
infesta.tions' bﬁt notab:w of longer dure.tions were lmt;vm ‘to exist in

large su@r estates in M:Lndoro and Negroa :I.sla.nds (Quizon, peraonal
commmica.tion), but Loss of records during the :last war denies to pre

sent work.erjsJ v:l.n;fo'rmtion on re.t species a.nd their pa’ctems of growbh

and a.btmdance in croplani conditions. The near simulta.neous and widespreao
rodent oubbreaks in Cotabato ('Sa..rmiento, 1953), Da.veo and ad,jacent
provinces in Mindanao :I.n 1952;55 provided the fie'st Pn:l..lippine experience

N
2

which eona:l.ders rats as an agr:lcultu.ral pest of na.f;iona.l econom:lc
inportance (Crucillo, et al., 1954 and vuiaé;im, 1954). Stuce then
rat outbreaks, occurring at times to the proportion of & plague, have
severely affected rice and corn production before harvest, while also
affecting the potentials of sugar and coconut exports in all princirel
islands and regions of the country.

The Philippine ricefield rat, Rattus rattus mindanensis Merrns, is
the most prevalent rodent form effecting local agriculture (Barbehenn,
Suengil and Libay, in prepareation). It is chiefly responsible for most
of the' damege in cereal crops where the value of crop losses to rice and
corn alone was estimated to reach 160 million pesos annually (Sumengil,
et al., 1970).
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Th''Epite- of 1ts widéspread distributfon; the ricefield rat has
been the subject of relatively few detailed studiesom reproduction and
population djmamics. 'To obtain relidble records on the breeding of most
wild pAnirls, ohe must rely meinly on pbit-mortem examinations of an:
adequate number of the species collectéd at intervals over & period of
Oii& ot more years. These conditions were approached by Rosell (1955)
With fou eoisecutive years of study on the breeding activity of Rattus
dbgéntivénter in ricefields and wastelshds of Cotabato'and’ by Sureiglil,
Sefiil ‘end Macanas - (1963) on three intervering periods in the succéeding
years. Sumangil and Aquino (1958) furthér reported some bréeding data
on K. r mindariéihsis and R. argentiventer colldcted in’cropléinds and
forest clearings in Mambur#o, Mindoro Occidental. Supplémentaiy data -
on the ‘ontogeny and laboratory breeding were alsc:obtainéd by Rosell
(1959)-én R+ argentiveriter and Medina, et al. (1972) on Ri f. mindsnensis.
Méré detdild ‘on the reproductivity and breéding activity of R.VEy
‘niindenensis én the basis of geographic location wei'e reportéd fram =~
Internationsal Rice Rédéarch Institute; Collegd; IAgins (Ukler, 1967);
“Bonie "soifbhérf 166d1ities of Iagina (Sandhez & &%, 1971), and Mufioz,
“Ndsve ‘Beljfd - (AYPoriso -and Castillo, 1970). It i& appafent Frdm thdgati-
reports~that ‘Wheid rainfed areas are involved ‘fheiin breeding period
coiricides with tHe rainy season and: period of ‘rice éulbtivation: (Féne:to
Dééenilier) , ‘with muckiréduced breeding activity during the dfyor sumtsr
“iohths: (January to May). ‘This breeding periodlcity Pesilés<ifCrapia
geasonal build-up of population and-may alé pastly éxpléifi™the réstlts
obtained by IaVoie et al. (1970) who found that tiller destruction by
rats during the vegetative growth poriod of rice was light but increesed
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eppreciably .during the reproductive.and ripening stages. of development.
Sumangil (1971) observed.that the presencer of;.cheice food and guperior
_cover offered by. booting.rice. abbracts, vat; ovenent; ifrom, qurrdundit”,
wastelands. into rice fields. ; Thus, irruptive populations ere. commonly
associated to, seripus crop damage. before parvest.

The besic breeding cycle .of animels may be affected either favorably
or adversely by, verious enviromental factors,, .Through his sgricultural
'pra;.l;&".;lces » 1Bn as altered his _e‘ntﬁ:rqpment. to favor the existence of many
species, including field rats.. Extensive use of irrigation in lagwa
province during the dry season has converted wastelands and. fallowed areas
into productive rice -fields. Hence s mmr irrigated farms are pla.nted to
rice during the dry season. This provides rets with adeqmte supply of
food and cover even during the dry months of. the year. Uhler (1967)

. observed a.t IRRI, vhere irrigetion is continuous a,nd rice is grown through-
oub the year, that Re . m:l.nda,nensis exhibits a year-round breeding season.
The e::ects, of .envixonmnt&l...iactprs,...paxzticulanw climate and fpo_d require-
‘greeding cyc.l.e of rats is emplasized by Sumengil (1965) who
states, thot "whera food is always.plentiful and olimate more or.lesg,even

ments s on the,

throughout the year, rats breed and reproduce anytime or month of the year".
Knowledge on the reproductive activity. of the.ricefleld rat, . .

perticularly breeding season, is needed before any vealistic reduction

progrem.can be evolved. By understanding population changes in relation

to season and habitat, reduction measures zey be instituted at s critical

stage before & populatien incresse.
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The present study was undertaken from August 2 19(1 through July,

" (’ L2t

. 1972 to collect :lnform.tion on tbe reproductive pattern of ra.ts :I.n a.n

irriga.ted ricefield a.nd to determine poptﬂ.a.tion cha.nges in rela.tion to
oo A 'f"; 'J,.E) ?‘ !
seasonal and Inbita.t changes. In a broa.?.[er context ’ the study offered
. . nr , d
an opportunity to emmine :ln deta.il the mecha.nisms of popu.‘lstion regu.lst:l.on

RO S ‘_:,. -

of & single mnnm.lian species in a typica.l riceland ecosystem.
TAXONOMY-AND DISTRIBUTION

l?a:ttus re.ttus minda.nensis is the most widely distributed Ph:uippine

nst

species a.nd is chieﬂ,v responsible f‘or the eestruction of rice and other
_erops' :3.n E.gzon and Visayas. In Sin:f.loan, Ia.gun; ;.t :;'epresented more than
99 percent of the tdbal ra.t co;.lef:ti,on, e.;l.:_l. others are Rattus exulans.

'Although origimlly desc:gibed by Llieari'ns a.s aqziis;{.inct species (Ta.ylor,

T NIT R

193#), 'the r:l.eefield ret is now desigmted Rgttus rattus m:l.nda.nensis

o "

(Barbehenn et al., 1972; and Johnson, 1962)"' T 1s medium-sized rat,

e )A

with adults averaging about 180 grams. The 'ba.il is usm.liy longer than
the head and body -and is afiformly ‘black o dark brown; scalation is

variable., The hind foot averages 40 mm in 1engbh, but the renge of 36
gaders, by owd dods |, wAnys T G, woRmdun i e ey REI

to 1#? overlaps that of many species of rats. Plantar pads are well

Fg. o5 eem b e
'c%ezlﬁel\lzo’;_e?\.‘. Fars, m;aiswed \f‘re:)s r'bhe: _notch, ave;ages 21 m:n (rang;e ﬁl? to
23)& Pe.?ia'gne,f_f"l‘ff, is quite varisble, mngmg from gray{shbrownlto
zeddish chestuut dorss;;y and usmlly blending g'xedu;ﬁ& ﬁs'é a peler
venter ,"which is‘ even‘ more var:l:able -f‘ro;n Lcr‘rea.jnér white tcf dirty ggga; s
oft:nmw:{:h 9. ﬁa.shwofnbu;f ef va;.ria.b.'lje ;.;;texx.si;y (mrbehenn e'l:- a.l. 3'.31’2)
Tg ;f;csf;em iatﬂt;;f»:l'.eal.:ll’.la‘r ha.s 'l:.wo pai.rs o%’ pecterajl'a;zfi 'th’rlee L_';irs
ey ob gL ped e v ladbead deveas g adsen s lag e Fle

of ingu:lml mme s with the anterior pair actwlly be:l.ns a.bdom:lnﬂ.l
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and more distinct from the middle pair than the posterior pa.:i.r. ‘To the

s * - )'::Q'

ey o )-
non-'baxonomiet the varlous eub-apecies a.re very similar and wheré rahges
St U it AI e e Lp ! 3. A

1n measurement overla.p it 1s exbremely d:lfficw:b $o ee_para.te thém

.l‘

Coga o
In the whole isJands of Minda.na.o and some pa.rts of Mindoro where

s

mttds argen’civenter domina.tes rice field comunities s It becomes movre

commensal'in ibs distribution (mrbehenn et a.i. 197'2). Acco'rdizig to
Swengil (1968) this species-has aypasticulsr liking for humn dwellings
and genera].w destroys backyerd fruit crops , perticularly coconuts and

. I Hay e #° . ’Jf j‘wr..-.

banana pla.ntations, as well as stored rice a.nd~corn.' I cmba:ho, more
than 90 percent o.f those caught nea.r and inside 'houses' belong to this

lr\r

species. mrbehenn et a.l. (1972) considered R. r. ‘mindanensis to be an
endemic e\ﬁ)-species :Ln 'bhe Pn:llippinee s:l.nce :I.t is presumed to oceur
on v:l.rtmlly every island. The a.ninnle are found from @aseland at sea.
level to over 6 000 feei'; in Luzon a.nd Mi.ndoro, although they are 1ess

common i.n hiszher eltitvdes.
DESCRIFIIQN .OF THE.STUDY AREAS

The studv area was 1oca.ted in Sinilcae, Ia.gune, ‘&bout two kilometers

fron Iegune. de my ehoreline , a.t Can apprmcimte elevation of Blightly
above Bea level. The topomphy 18 re:letive]y £lat with slight decline

NN R RSP

to the east toward the ba.ee of sierra. mdre momta.in. An a.ree of '
amm:imtely one sqw.re kilometer with:l.n and a.round the periphery of
Baybay Na.t:l.onal Agr:l.culturel and. Vooa.tional School was used as the

primry coJJ.ection s:lte (Figure 1) It :I.s diseected by e nuxﬁb'er of
& i S LEnnTn e T B VSO AT b e e :
smll and sha.llow creeka a.nd 1arger tributa.riee that result in overflow
- INE R SO wEadn e i sebestnn R A R A T

during the rainy season w:l.th any narked rige in lalne water.



Fig. l. Portion of the study ares showing conditions of the-
rice paddies after harvegs:.



The climete is characteristic of the lowland areas of laguns
province (Teble 1), The average annwel precipitation for Siniloan over
p two-year period wes 199,04 mm, Aveﬁm monthly precipitation did not
seem to vary widely from year to year; the average for 1970 and 1971 vwa
188,25 and 209.682 mn, respectively. The bulk of the rainfall usually
‘occurred from July through December, In 1971 much of the rainfall
occurred during the period from October to December, while in 1972 the
effects of monsoon rein caused a peak rainfall in July with 767.0 mm of
rain. - This abnormally high precipitation inundated and submerged the
entire study area a week after the last specimen collection was made.
The monthly mean temperature for Siniloan did not vary widely. The
monthly mean tempereture renged from 24,69 to 28,329C, with an average
of 26,78°C during the whole period.6f study.

Although there are two cropping season annwally, rice production
in Siniloan is entirely dependent on the depth of water in the paddy
fields. Unlike in many other Iaguna towns, the first or regular rice
crop is transplanted in January, and all the paddy fields are planted
in late Febrery. Harvest ocours mostly in May and June. The second
crop or "ralaged" rice is trensplanted in July and August and barvested
in November and December., Bacause most of the areas are water-logged
during the miny season, only about half of the total hectarage is
Planted to rice. Hence, the amount of cereal food available to the
rets during the rainy season is comperetively less than during the dry
56280N.

Weeds are & constant problem on the veddy fields. The unplanted
ireas remiin largely covered with succulent gresses composed mogtly of



Toble. 1, ontily mean reinfy]l and averege. temperature 4y Sinileen.

.Mg;t_h ——— _gre

"‘Em ﬁemp mmfan Air oD, minmn

e T— ) R e ) fop)
Janyary. l§.o.,9.: - 25.5_5 12,5 .‘?-lr.69 47,0
Febrwry 16.8 25453 25.6 25.Mn 245

March 20,1 27.18 82,7 25,63 7h49
April 20.3 28,28 18.3 27.2¢ 16.2
MWy 19,8 20,26  229.8 28.32  158.2
June 1775 28, 58 | 251,1 27.7€ 428.0
Juiy - 149.6 M3 3146 27T 767.0
Augist 182, - 747 165.8  27.74 5
September ' 3592 7,000 2085 27,9 -
October 516.5 x.25 8,5 26,88 -
Novéuber sm k.8 Sy Sl -
‘Decebel 178.6 %k 4 . L

Mean ©  "iB8izs’ “orer 7 "209.82 26,78 313.40
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"payakibok" (Echinoclon crusgalli) and large stands of "tikiw" (Scirpus
issEua) are equailﬁrtféﬁspicuous. “River banks and marginal avess are
covered-with thick stands -of "talahib"--(Saccharum spontaneum); while
pe.d,d,y dikesand irr:lga'bion canaclrmre dom:lmted by thick natting of

para.-grass (l}_rt;chiagi_g_ mubica). The-presence of succulent weeds’and

ratooning rice plants after harvest affords the rets ample cover and
‘food throughiout the yehr.,

MATERTALS AND METHODS

A, Collaction of Rats

' Post - morbem examination of 932 rats collected at two-week intervals

ﬁ'ounAugust > 1971 through July, 1972 in irrigated rice fields fcrmed

the basis of this study. Animals were generally collected by Victor

BTAD traps;‘ _Supplemental collections were mede by hand captwe
(blabketing):’ of animels in gressy areas. Snap treps were placed plong

reddy dikes in two or three transects each composed of 50 or more %raps.

Distance between traps was about 5 meters and the spa.ce between transects

' ,mjfed !.ccoxding to the distanee between Teddy d:lkas or about 50 ’oo 100

eterg. . The trap -lines were uswilly operated for-2 or3-consecttive nights.
Balts contisted of fresh coconuts or sliced sweet potatoes. The trap-
Ping lines vere moved into a different collection site for each trapping
period, and wera located systematically to enable sampling the entire
study area. the number average of spewdrens examined per month was T7.66
with & renge from 14 to 19% rets. Generally, the monthly suuples
conslsted of mors than fifty animmis,
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B. Autopay

Necropsy was conducted in.the field as soon as specimens were
collected. " All dnimals weré ldentified, sexed and weighed separetely.
In the case of gravid females the difference in scale; after removing
the weight of the embryos and en]a.rge uterus, was taken as the weight

(&)
-~

of the parent. ™ a.ddition, standard physica.l measurements (total
' length, ‘tail length, ear:length-and hind foot) were :recorded.

- .The reproductive condition of the males wes determined by examining
the position of the testes and recording thém as scrotal or abdominal,
‘Testicular length and width was measured in millimeters and the c¢onditions
of 'the' cauda epididymis were noted. Rats with enlarged scrotal ' testes
with vigible tubules in the cauda epididymis were -considered
reproductively active,

The condition of the femmle reproductive organs were determined by
meking & median incision’ on the ventral surface of the abdomen and
exemining the uberus in situ, Femeles were classified’ as reproductively
active if they were pregnant, lactating, or-had opened. vagital orifice.
The presence’ of spots or placental scars in the wall of the uterus were
recorded. However, no attempt was made to count the uterine BCATS,
because this criterion was not reliéble for determining litter size
(Davis and Emlen, 15%8). A rat vas classed as pregnant if the embryos
are nacroscopieany v:Ls )le, and J.actating if milk can be expressed by
the ﬁ.ngers ﬁ-om the nipples. Fbr the embr.vos actual m'own-rump length
was m sured when the spec:lmen was Jarge enough (3 m or more) The

number of embryos conta.ined in the right and leﬁ; horna of the uterus
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owere recorded, Dead embryos and those being resorbed (steller than the
mejority that developmenﬁ is "obviously ebnormal) were noted and used to
estiuate the loss of embryos during preguancys
"Ossification of the skull vas ‘determined qm.'u.ta.tively by resistance
‘to finger pressuié (Davis and Hall, 1951). N

.C. , Sﬁat{l.sticafq ‘_Ana;l_xses

The annual incidence of pre?gmnc&; or +he number of litters born
to & femmle wis approxiteted from estiuates of prevalence of pregnancy
* (Emlen and Davis, 1948; Davis and 11, 1951). Sex retios were expressed
in percent meles and were tested for statistical significance by Chi~squar:
analysis. Mturity based on thé perforetion of the vaginal orifice in
ferples, presence of scrotal testes in nakes,' and ossification of the
skull in both sexes were determined by correlation and regression
amalysis.
In’ determining reproductive ‘trends, the data were amiyzed: by
"months, and also by seasons. Nonthly meAn litter size was tested for
statistical significance by the use of Andlysis of Varihlnce‘and' mean
‘differences was determined by Dwncani’s Miltiple Range Test,

.RESULIS. AND DISCUSSION
A, c:-item of Meburit

‘ Detamina.tion of chronological age in fera.l ra.ts is difficult
beee.use ;;rowbh and dav'elomant rates may vary :I.n eag.h individml .and
in,different populations. Were it noasib].eto ,Qbagrvg,:‘;lndividm]!s over
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a per:l.od of time, the different.ages at which they attained a .given
level of develoment couJ.d be determined.. However 'y siuce the animpls
in the present study wexe examined a.t but one sta.ge in their development,
."'only the :prasence or a.bsence of a. given character could be obsgerved,
V_Chara.cters oi‘ten used for differentiating adults from juveniles are based
on the capacity of the animals for breeding, Though animals are adult
by chrcnologic&l criteria, they can play no rart in the reproductive
phzsee .cf the population dynamics until motile sperm are contained in
mle .remoducbive tracts or until ovulation has occurred in femnles
(Jackson, 1952),

" Use of weight at which 50 percent of the animnls possess & given
characteristic is preferreble to 100 percent level, since the latter
may be uhduly affectod by & few slowly mtur:l.ng individuwals (Jackson,
1952), These 50 perdent poirrbs were celculeted from the regression of
percentages on the body weight.

Table 2 shom; the pizes of the ricefield rat a.t various atages of
mburity. The weight a.t which 50 percent of the fcnnles Inve the vagina
perforate was 54 45 gra.ma R a.l-bhough scme fenales my become perforate
&t weights ds "ow as 40 ¢ erems. However, theae newly perforate femnles
ghow Ho" development of" reproductive tra.cta. Ibri‘ore.tion is not indicative
of ‘Sexual mtur:lty in femles due to the presence in the popu.'la.tion of
-ewly perforete femnles which lack avar:l.an development.

- I the" rales re.pid :I.ncrea.se in we:lght is not normlly accon:pa.nied
by mtmtion of the gona.ds or accessory glands. The testes become
scrotal in position at 134,93 gra.ms, while sperms wveve present in the



viable 2, ‘Sife of the ricefield rat at various stages of maturity.
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Pestes scrotal in position R4 13k, 9"3'
Sperm in caudd’ epididymis 55 "15h.l+'}
Placental scars - 450 185.55
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ce.uda. ep:ldidymis at 15&.45 grous. The we:lght at which 50 percent
become fertile gives a measure of the average weight of onset of fer-
414ty

‘ Ossifica'bion of tha skull occurred e.ﬁ;er the rats attained the
lwe:lght of 90.79 gre.ms

The presence of aca.rs in the uberua :I.s & good indication that

':l.mpla.nta.tion has occurred. . Thus if the an:lmls are grouped by size
a.nd classed as parous (individmls with scars or visible embryos) or
non-fmrous (individuals without sears or visible eubryos) & measure
of ‘bhe size at f:lrst Pregiancy can be, obtained (Davig. and Emlen, -1948).
The lowest weight at which first preguancy occurred was 105.-grams which
can be te.kan a.a & meagure of tha age.. of pub\,rty 0f ‘the. 107 pregnant
femlas examined, 86.5u percent weighed move. than 165 grems..
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1. Testis position, size and fertility

Position ‘and size of tesbes have been used as the most important
criteria of breeding in males. Testes in the ricefield rats may occupy
éitﬂep abd’qﬁiﬁi or ‘serotal :positiohs_. Both testes generally.occupy
the same position, Descent mey occur at an early age, depending upon
the' .sea.son, since scrotal testes were found among meles weighing welJ.
below 50 grams during the months of April and October. The proportion
of meles with scrotal testes increases with weight, thus showing some
relationships between poéition of testes and sexwal mturity. Recent
studies by the Rodent Research Center indicate that rats with active
spermatozoa invariably had scrotal testes, although 45 percent of the
adult mles with no apparent sperm activity (epididymel tubules not
vigible) had scrotal testes (Swink et al., 1970). Descent of testes
is not a very good index of fertility in the ricefield rats. '

| Table 3 shows that there is a high proportion of males with scrotal
testes throughout the year. Considereble reduction in the proportion
of males with scrotal testes in June and July was due to the presence
of more ;luveniles in the popula.‘bion. Since this species is capable
of producing active spernatozoa. throughoub the ye&r :Ln 'bort"x irrigated
a.nd rainfed areas (Swink et al,, 1970), then the occurrence of seagonal
changes in the pregnancy rates cannot be attributed to seasonal changes
in the capacity of males to fertilize.

Length of testis was used as an index of testis size. Miller
(1946) observed that length and weight of testes among pocket gophers
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Ta-ble 3. Monthly composition of ‘adult mle population of. m’b‘bu&g rattus
Lo g mindanensis with respect to position of testes.

( —

. Total males.. __Testis position Percent

Month | exnmined  K53Glml  Serotal serotal
August, 1971 .8 ! 7 . 8750
September . ko 12 28 T, 00
October 30 8 22 73.33
November . . 69 15 5l 78.26
Decenber h ) 28 86 75 ik
Janwary, 1972 .2 8 1k 63.63
February 10 3. T . 70.00
Mrch 9 2 T TISTT
April 43 13 30 . 69.76

My 38 L 2l 63.15
June 56 Lo 16 28.57
Juy b3 27 16, 5925

Total end average . . . 42 11 31 64,52
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are closely correlated (r = 0,87) so that length ia"/{t}n adequate estimate
of size. Iaurie (1946) found among mice tha'l'; if tixe ‘tubules in the

cauds epididymis are visible to the naked effg, they invariably contained
large number of spéims and that the 1nam;21 would be fecund. In the
ricefield rats, the presence of sperm is usually associated with a testes
length of between 20 and 32 mm (Figuwre 2), It was also found that &
tesftes welght of 22 mm or over was almost invariably associated with
:fécundity, that is, with large number of sperm in the cauds epididymis,
Below the length of 20 mm, the cauda epididynis was nearly always

without sperms, that is to say, the males are non-fecund.

B, Reproduction

1. Brcedi_ng Season

The seasonal reproductive pattern of Rattus rattus mindanensis
in Siniloan, Iaguna are summerized in Table 4 and Figure 3. Although
the proportion of adult meles capable of producing active sperms
remained high throughout the year (Swink et al., 1970), reproductive
activity of adult femnles show seasonal trends. Analysis of the
month]y prevalence of visible pregna.ncy a.nd 1ncidence of ;juven:lles in
the poptﬂ.a.tion indicates tha.t this species fea.tures a sharp bimodal
breeding curve, peaks occurring from March to April and October to
Novenber, ‘This 1a ‘in generel agreement with Unler (1967) vho also
observed bimodality in the breeding pattern cheracteristic of this
species at the International Rice Research Institute, College, Iaguna.
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In other parts of the FPhilippines, a unimodal curve has been found.
In Cotabato, thg ricefield rat breéds actively during the rainy season
(Jwe to December), followed by no breeding activity from Janwary to
early pert of June (Sumngil ef al., 1963; Rosell, 1959; and Swengil
and Rosell, 1959). Sanchez et al (1971) also observed that in INueva
Ecija, this species breeds actively during fhe rainy season months but
ceases conpletely during March, April, May and June s this period
corresponding to the dry seas;n. |

Jackson (1952) stated that many envirommental factors play & role
in the regulation of smmll mamml breeding., The basis, however, for
the apparent relationship between these factors and increased breeding
is not well mders.'bqu. Buxton (1936) observed that breeding season
appears to combine with the warm season in temperature and sub-temperature
climktes. But it appears that in monsoon areas the relation between
climate and breeding is not so simple., It seems that breeding is largely
a mtter of nutrition, that mey well depend on harvest, and indirectly
on climatic events, ‘ " x‘

Harrison (1952) in Ma]aaa recorded & bi-monthly rhythm and atterpted
to relate it to the lunar cycle. No such correlation has been attempted
with the present data., Sumangil and Rosell (1959) generelly regarded
climate as the main factor affecting the rhythm of reproduction of the
ricefield rat. They observed significant corre]ati&n between reproduction
and ﬁinfall. In Malaya, Harrison (1952) has shown that rats appeared
0 have no breeding seascn, although breeding activity my show fluctustions
related to reinfall.
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In this study, correlation of monthly prevalence of pregnancy with
rainfall showed & slight negative relationship (r = 0.35). When the
monthly prevalence of pregnancy was correlated with the number of rainy
fays each month, the relationship remained slightly negative (r = 0,4l6),
indicating that seasonal changés has very little effect on the reproductive
activity of the rats. This tends to show that in effectively irrigated
areas where rice can be grown at all months of the year, rats cen breed
continuously regardless of seasonal fluctuations. As shown in Figure U,
the rainy season breeding seems to be significantly correlated with
rainfall (r = 0,447), while dry season breeding eppears to be negatively
correlated with rainfall (r = -0,30), This may explain the significent
relationship between reproduction and reinfall reported by Sumangil
et al (1963) and Sumengil and Rosell (1959). Apperently, their data
were gathered from reinfed fields where seasomal cycle and crop cycle
correspond more closely than in irrigated areas., In rainfed areas the
farmers entirely depends from rein to start land preparation and planting.

Table 4 indicates that active breéding in rats is directly related
with the presence of rice in the field. In Sinilcan, dry season breeding
appears to be of greater intemsity and of longer duration than dwring
the rainy season. This may be attributed to vhe fact that wider area
wes planted to rice during the dry season. Hence, more food is avalleble
to the rats as & source of nutrition to maintain their Lreeding activity.
Breeding may be reduced or terminated when cover and food supply are
depleted or when competition for resources, such as food, nest sites, and
larborage is high (Sanchez et al., 1971), Sumengil and Rosell (1959)
observed that the rate of reproduction of laboratory-reared rats diminiches
with the reduciion of protein supply.
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Table 4. Monthly chnges: in the prevelence of pregnent Rattus retti-

 mindanensis in Siniloan, August, 1971 through July, 1972.

|

ot Mo op | Tober et B Gromh s
___femles ferple n

August, 1971 . -0 0 0 transplanting
September 36 L 10,52 6,50 tillering
October 21 6 31.57 9.67 booting, heading
Novenber 79 38 48,10 9.68 meture, harvesting
Decenber 80 7 . 8.75 8,86 post-harvest
January, 1972 25 0 0 0 geedbed ) land prep.
February o 1 3 27.27 7.0 transplanting
Mirch 5 4 80,00 10,75  tillering
Aprid 32 20 62.50 10,45 ‘hooti‘ng, heading
Wy 30 11 - 36.67 11.18  mture, harvesting
June by 12 25.53  9.16  post-harvest
July 37 82 541 T.50 seedved, land prep.
Total and'averages 417 - 107 i 28402 . 9467

a/ Preval-ace of pregnancy based on total number of femles with
+ .perforated vaginal orifice..
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According %o Nelson and Evans (1955), thiamine is essential for
the normel reproductive performance in the rat. Nelson and Evans (1955)
cited Evana-apd Fishops (1922) who repor'bed the imed:m.te ceaﬂation of .
estrous cycles in rats placed on vitamin B-deficient d:l.ets. Ueno (1934)
and Coward et a.;l.. (19h2), as cited by Nelson and Evans (1955), independently
mentioned the occurrence ‘of reproductive d:l.strubance *:[.n yats deficient
in vitamin B or B,. These results strongly suggest‘ 1;hat seasonal
ﬂuctxﬁi;ioﬁé:’in the breeding activity is dependent on the quantity of

animal and vegetdble food available to the rats.

2. Prevalence of pregmancy

Prevalence of pregnancy (per: cent pregnant) was based on the number
of adult females per month. Anmual prevalence was caleuwlated by
averaging the estimates from the monthly samples. Table Lt shows that
the variability of the breeding intensity was oriented around two peaks. .
of activity. One occurred in November when aboub 48 percent of the
sexually meture femnles were preguant, and & second and higher one in
March and April when about 65 percent of the mature femnles are pregnant.
High' percenté.ée of pregnant femeles during March may not be reliable
- gince the number of individuals involved was not large. It is
possible tha.t non-breeding animels coming from surrounding wastelands
" ‘were 1nc1uded in the sa.mples during the Lga__ crop. This mey account
for the low rﬂproductive rate during the ra.tny season. This is in
agreement with the observation of S\nm.ngil (personal com.) at Iﬁdsa.yap,
Cotabato where he found thet one~third of the annual reproduction
occwrred during the pelagad planting.
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Although the date from the present study are inadequate to determine
actally” the factors rasponsible for initiating active breeding, 13: -%s
evident that the prevalence of pregnancy increased na-rked;ly duriné .‘t‘h_ei
reproductive and ripening phasés of the rice growth. A vrevalence
of 5.26'and 8,75 percent during the months of July and December indicates
- & sharp'decline and termination of the breeding seasons.

3. Incidence of Xregnancy

"The incidence of pregnancy, or the number of litters borh to a"
female diring a known period of time, was calculated from estimates of
the prevalence of pregnancy (Emlen and Davis, 1948; Davis and Hall,
1951) by using the formula, I = Pt, where I is the incidence during a
time, P is the prevalence of ','pfeggancy, -t is the time of interval of
observation in days, and d is the number of days during the gestations
period of rats that embryos are visible in the uterus, which is-about
18 days.

The annual -iricidenceé of pregnancy of Siniloan field rats of 5.68"
Iiters vas-based on {17 edult femnles. This 18,00t significantly
different fromthose reported by Se;nphez 'e:i_:.:a\.l (5.971) of 5,9 liters
for this species in three southern municipalities of Iaguna, . Tt is '
slightly higher (I:2'5), though my not be statigtically sigrificant; -
from the observations'.of Sumangil and Rosell (1959) for this spyecies
in Occidental Mindoro and for other species - for most other parts of the
world (Jackson, 1952), |
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o compare the: incidence between two crop.cycles, the data a.re y
sumerized for- seasqual differences as suggested by Davis (1953).
bexcentage pregnant for all months (or. seasons) were summed and then.
0ivided by the number:-of months. The method essentially assumes that
., &R, gqual. number; of rats (100 wag caught in each month. .-The incidence:
of pregnancy was 4,05 litters during the dry seasen and 1.6l litters for
the rainy season. It appears that ricefield rats in Siniloan are able
to produce more than’ twice the number ‘of utters during the regular
crop.planting than during the ’laged or second crop planting, This
results in a rapid increase in the population towards the termination
of the dry season breeding. .

4. Litter size

-Estimetes of litter size was derived from cownts of presumed normal
fetuses, Baged on fetus counts the mean number of embryos psr female
1s 9.67, with litters renging from 5 to 17 (Teble 5). Counts of very
young fetuses. may be of less value in determining litter size as some
luss of young may occur after this age (Wirtz, 1970). Ioss of ova before
fertilization or resorption of embryos are among the factors that may:
reduce litter size in mAmmls. . Resorbing embryos were found in 11 of
10'( -pregnant femnles examined. One fetus was affected in more than half
of the cases, while 2 were affected in 3 cases. Intrauterine mortality
Of 2,12 percent is significantly lower than tbat reported by Sumngil
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Table 5. Monthly medan distribution of fetuses in the two horns of the
uterus of pregnant rats examined in Siniloan, Iaguna,
" August, 1971 through July, 1972,

No. of ° Total'mo, = © - Medn no. of

Months - pregnant of Right Left embryos
e~ Temples - embryos ‘horn horn . -
Auvgust, 1971 0 0 -0 0 0
September 4 - 26 12 kLA 6.50.
October 6 58 28 30 9,67
Novenber 38 368 179 189 9.68
- December T 62 '3l 31 - 8,86
Jenvery, 1972 0 -0 0 0 0
February 3 2l n - 10 7.0
March 4 43 21 22 10,75
April 20 209 110 . 99 10,45
My 1 123 - 67 56 11,18
June 12 o - .56 5 9.6
July 2 15. 0 . T § 7:50 -

Total 107 1035 525 510  9.67
PR 3 R T R SR VL




and Roseld. (1959),0f .9,6, percent. This.mey be attributed to the.
difficulty encointered in defermining normal fram resorbing fetuses
during the early stages of pregmancy.

Table 5 shows the distribution of fetuses in the two horns o? the
uterus, Based.on 107 pregmant femles:dissected.from which 1,035
enbryos were counted, 525 or 50,72 percent were lodged on the right horn
of the uterus, while 510 .or 49,28 percent were lodged on the left horn
of the uterus. Except for one case where all of the 7 embryos developed
on the right side of the uberus, there seems to be no tendency for the
embryos to develop on one side of the uterus or the other. It is evident
that embryo development among the ricefield rat is entirely random and
independent. This is in contrast with the report of Harrison in Malaya
(1951) where one side of the uterus was favored for embryo development

in. Rattus argentiventer.

. Table 6 shows the analysis of variance for the number of embryos
of all pregnant females., The mean separation are shown in Table 7. -The
average litter size recorded during the months of Febrwary, July,
September and December are significantly smeller (p & 0,05) théh thoge
btained for the other montha. This indicates thab Libter sige produced
between crop cycles decre#ses ;éhén food 137 scarce ond competition for
other resources is high. There seems to be no correlation between the

weight of the parent and the size of litter (r = 0.2).
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Table 6. Analysis of variance.for litter size

Source of .Degreeg of Sum of | Mean | . ‘
vardatiod - Praedém squares squares F-value

‘ontits -9 120,55 13.19 2,lig*
Exror ~ 97 521,01 5,37

 Total 1067 641,56
- — — ]

*Significant at 5% level-

Table 7. Mean litter size senaration of. a..‘L'I. m‘egmnt rats mmined for
this study in'Siniloan, Iaguna.’

Sept: ~ Feb. July Dec. Jume Oct. "Wov. ‘Apr: MaF. My

650 7.0 7.5 886 915 0.67 9,68 o5 1075 1138

L
. T R

*

- No significant. differences amopg months connected by .line
Sepajtion by, Duidin's Multiple' Ringe:Telt (4 '(05)
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AR ALty entiintes. are réstly sffocted by veriEbion -
in phe. egatimtf(l ge:f ::-f.tio a.mg J'(-.p.e propo;:t.ion of a.dul'b femles inmi_‘{ﬁe
z;op:q?g:_l,on. As; sl}own in Table 8, the embryo .‘productivity was 1&3,96..:;3er

female per years.. .gh:ls valw.e:'; @g_c.obtained by..multiplying the averege.
ﬂ‘fmfef_ Sfﬂv}atlile ‘emlg-zousn per femle and the incidence of puregnancy.. Bia
rate (birth per rat per year)_.mg_ ca.lculated by multiplying the annuel
enbryo-production-by--the -percentage: of -adult-females in-the-population
end the sex ratio (Davis and Golley, 1963),. Table 8 shows.that the
rate of birth among ricefield rats was 9,31 young per rat. This did nof

Teble: Be.,.. Prﬂuctivity of Ba ratiug nensi captm'ed during
“Donthly trapping 2 Sini;.oe.n, %—i

L RErr=—T T eBIEmem e e meeies 44 s h L beme bemis @ Shwemed 1 Ge s teets Be 008 fee  me e v ipbe oo

quml pmerva.lencq(,of pragnancy et 28.0é,
Avmal- itreidernceof pregemey T - 568
416" Lo sibrithin W Ehbut bedattng 1o~ oyt
Averege o, of viable embryos/femle-j 774
Embryos/fennlefyear 43.96
Age ratio (% sdult) I 73.79
Sex ratio (% male) 51.83
..f‘?.?.{f fennles. (% of total) -ho 8&1-
Birth re.te (bhvth}ratﬁaéim - 9.31 '

rp——

g/ Base;l in uk counts and_corrected. by an estingte.of 209
uterine morﬁ'l 7 published f£oF closely related Apacies.
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differ significently from the results obtained by Sanchez et al. (1971)
for both.reinfed and .irrigated conditions. In the real population
young and even some adult females do not breed, hence, the rate is even
- lower, These results show that wider the conditions obtaining in the
rice fields, the rats have a high potential. rate. of increase.

6. Juvenile incidence

Sdpplemerrhary and confirmatory evidence on breeding may be furnished
from ot.her sources. The age composition, particularly the incidence of
Juveniles, may provide valuable c:_l.w_.zes. A continuous stream of juveniles
ccntrib}xtéa to the monthly samples, but their relative frequencies that
the gesjhation period of rets ranges from 21 to 22 days. Considering the
lactation period of 21 days (Medina et al., 1972), the highest percentage
of Juvepiles appeared. In the collectlon about two months after the peak
of the breeding period. The smallest rat captured weighs only 24 grems
which._.lmy be just about the size at weaning.

There are two peaks in the incidence of rets less than 80 grams
in body weight. (Teble 9). These peaks confirms the ‘existence of two
mein breeding: seasons of rats in Siniloan. Both oceurred sbout two
months after the peaks of pregnancy has been attained, A —— increase
in the number of smll rats was noted in January following the peak in
November. An increase in the proportion of juveniles in June and July
substantiates the hypothesis of considerable breeding during the summer
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‘Table 9." Monthly changes in'the young - aduit ratio of all rats
' co;lgctgq for this study at Sinilcen, Iaguna.

Months Tottl .. Number =  Number . Percent;,

August, 1971 25 b 21 16,00
September | 78 12 66 15.38
October 51 | 10 ] 19.60
Noveéiber 148 15 133 10,13
December 194 3 163 15,98
Janwery, 1972 62 25" 37 40,32
Febriary 21 6 18 28.57
. March - 2 12 k.28
April 76 g1 62 18,42
My B - & "5 38,07
June, 108 Bl 63 50,00
uly -3 53 b7.62

Total | ‘932 | 2ko . 692 26,21
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months of March and April. The low incidence of juveniles in March and
Nmrember confirmé nw' suspicion tha.t bhere is lit'ble or ‘no breed:l.ng
ac'bivity dur:l.ng the months of Ja.nuary and. August.

C. Sex Ratio

' Smell meimal trappers have often fomnd a slight preponderance of
males in their returns. Among the workers with the present species:
(Tigner, 1972; Sanchez et al., 1971; Swink et al., 1970; Alfonso and
Castillo, 1970; Uhler, 1967; Swmngll and Aquino, 1958) and with: -
Battus argentiventer (Sumengil et al., 1963”; Rosell, 1959; Harrison,
1951), Tigner and Alfonso were only those whose samplas were large -
enough to demonstrate that sex ratio of trapped rats was statistically
significant from & ratio of 50 percent mles; in favor of the females.

" A total of 760 rats were trapped from August, 1971 through July,
1972 consisting of 400 males and 360 ferles (Table 10). The over-all
‘sex ratio of 51.83 percent was not statistically different from the
ratio of 0.5 males. However, the ‘monthly sex ratios indicated e
.variable pa.ttern. There appears to 'be a high correlation (r 8 0.723)
.The..proportion. of males. in the. se.uxple inereased appreciably. durins the
height of the breeding season and tended to decrease dwring the .non-
bredding months (Figure 5). This may be attributed to the wider home
ranges of the males than the femnles. Sbud:les of Venezuelan roof yats
by Gomez (1960) indicated that males were recaptured up to 80 meters
from the point of release, while most femnles were recaptured frcm' 15
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' Table;10y:; Monthly: changes in the sex:
Siniloan, Iaguna, August,

1971 through Julv. 1972.°

ratio: of &1l rats trapped in.

Months Totel.: Mumber of Number of Sex®/  Chi-
rats ~ " mles females  ratio square

August, 1971 25 8 7 32,0 . 3.24
September 78 -ho 38 51,28 0,05
October 5% 30 .21 58,82 1,58
Novembes 8. 50. 34 5952 0.67
Decenber: 82 g3 . 3k 585k 0,86
Jenvary, 1972 62 22 4o 3548 5,22
Febrwuary - 23 7 1 . 12 47,82 0,002
¥arch k- 9 5 6l,29. 1.1b
April 78 ks 33. 5769 1.85
My .. . .38 .33 53.52  0.35
June 108... 56 .52 5.85. . 0.15
July .- 8l T b 51,19 0,19
" totay 760w g0 51,83 2,10
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Figure 5. Graph showing rel tionship between
breeding and monthly sex ratio.
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to 20 meters from the original trap, but not much farther. Thus widely
ranging males would come in contact with more traps and would be caught
more often in relation to their absolute nwuber than femles. Rarkes
(1924a, as cited by Iaurie (1946), however; found among laboratory-bred
mice that the proportinn of maleg wes lowest in the height of the
breeding season. This sexual difference in movement might also be
induced by the care that females must give to their young in nests

and burrows. Femle rats in advanced stage of bregnancy become less
and less mobile and their tendency to leave the nest is reduced
correspondingly. Consequently, their chances to meet with a trap will
be reduced coirespmdingly (Teble 11).

The gecondary sex ratio can be further altered by differential .
growth and mortality (Jackson, 1952), Analysis of the data by size
group (Table 12) indicated that the mles predominate in the yougest
class, and females in the oldest class. The deviation from the 50

Teble 11. Number of Preguunt females captured in relation to stages

of pregnancy. :
;n-g;h of Assumed Total Total Average p;'_~
embryos (mm) age (days) ferales enbryos femnle
Less than 7 mm - 6-11 58 593 10,22
7418 mn 12-16 3 292 9.42
More than 19 mm 17-22 18 150 8.33

Total and averages 107 1035 9.67
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Table 12, Sex ratio in various weight classes of Rattus rattus

mindanensis.

Weight Total Number of Nunber of Per cent

- .clesg {g) . . .- rats . - .. -males- - - females - males
105 163, 111 72 60,65
- 105-184 270 116 154 k2,96
185262 388 21k 17k 55415
265 82 39 43 47.56
Total 923 480 443 5240

Percent ratio in the youngest class is suggested by Ecke (1955) to
be due to the faster growth rate among males. Predominance of females
in the oldest size groups suggests greater male mortality with age.

L. PRat Population Indices and Seasonal Fluctwations

" Table 13 shows the monthly population indices of rats in the study
ares. There were only two species of rats caught in the rice field
for the whole tra.pping period. All rats caught, except for four
Battus exulans, were Ratbus rattus mindanensis comprising more than 99
Dercent of the .totql coliection.

Using the trapline catches as an index of rat population, the
population showed monthly fluctuations (Fig. 6). The rat population
density seemed to increase with the advent of the reiny season
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Table 13. ' Population density index of ricefield rets in Siniloan
~. hasged.on monthly trapline .catches.

e st N - 1 - -
—— - — ———eats ———
- _‘_ i — — M

' Mozﬁ'.h ’ ?r?bp::ll‘ggis To:tg-g:ts Trappin%%:;.x_zcid ence
August, 1971 110 25 22,72
Septeuber W73 ° 16.49
October 295 51 17.28
November 590 8 14.23
Decenber %60 82 8.5k
Janwary, 1972 638. 62 19.72
Februoar- 258 23 . 8.91
March 376 2k 3.72
April L7 78 10,88
wy 546 7L 13.00

. June . 600 108 .‘ 18,00
July . 290 83 28,62
‘Totel 5053 ™' 12,95

*\verege percent trapping incidence ‘per month.,



A S OND J F M A
1971 972

MoJ

J

(-egend
O Trap index A
A Rainfail /
70 i O Temperature ) 'F 700
€60 - P 600G
. ! |
z /
50 1. i b 500
£ ;

40 - ﬁ\\ /I :. rA | f 200
] II, \):; “.' 1,, J
307 L '-, D-‘/m . 1300
§ 'I0.~D“'-D- ..D‘l"~u-— _g- -0~ /D "l e gy ’ .

% (.\ ; 'l "l
204 \i«a o [/ eo0
o \ L
L I ; ,43/’
0 1 \)," 7 100
O ; :
\ .U\\ A ’ ,"
A\ ,’)\'\'J/\~A,:
O Jm—-p-w—l "[X g W O

Figure 6. Monthly trapline catches of field rats iw

relation to rainfall and f{empsrature.

PAIY INTLY O

()



39
reaching the peak in vw e, .uly and August. During the month of August
when the field lie f2llow, rats can subsist on ratooning rice, succulent
grasses and insects. The lowest trapping incidence occurred in
January, February and March, after the pelagad crop has been harvested.
This period corresponds to the dry months in Siniloan. Since rice is
a preferred habitat its absence during these months apparently increased
competition for food, cover, and other resources resulting in the
dupletion of the rat popuiation through increased movement or migration
into the surrounding w stelands. A vigorous rat control campaign was
also waged during the dry months and this may have aided in the abrupt
reduction in the size of the rat popwlation. In IRRI, however, Uhler
(1967) observed that population peaks occurred from June to August
and November to February. This marked dissimilarity in the population
dynamics of one rat species in the different areas points to the role
of environmental influence on rat populations.
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